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re.CH,N!CAL FIELD 

This - r i relates to an utea-Swgh sirefvith siee! hav^ a tensSe t n t 1 {TS) of si 1 950 MPs and excellent 

see m«taraibrltr'« pipes for 
tr artsppriing natumi eases and cm-de oils, earious pressure contemns, iitbosrrie.s machinery, and so tenth. 



eg: an improvement ir: ©teewSop ettiaency by the reduction of outer <fctmete«5 and weights of the line pipes. Line 
pipes having XSO 1 1 ; fe Sire " "• i ' e Institute siandtws (yield strength of at least 55 1 Mfa and 
te.nsiie ePenoin of si -east S20 M?si have beer: put into practical use to this rate, but me need to; line pipes having s 
lh« 1 i" u 1 - i i j i and sircnger. 

StiKiss on the production metftx* of u«ra-h^ strength im pipes have been mad* at P : es«f« on P -e basis of the 
eoovenBonai production technologies oiXSC Sne pipes ffcr example. NKK Engineering Report, No. 138 {1992!, pp. Z4- 
31 a* it ■■<• ic .. W ii ^ stxt Atcirc i i" 1 i nn 0588), Voiome V, pp 173-135;. out f production of !r > 
i •> j 1 ' ; s-iict . f at east 683 MPs snaiersie strength of at least 760 MPs) is bslie'«oi: t im 
icccrdu is to these technologies, 

Toaswai i 1 1 >t f 'i- v e numbs ,\ ptoWuTisyettobesoh/ed, such asthe 

balance between strength and low temperature taug,« - ut a welding heat affected zone (H AZ), iiefd 

t Biers ft h straitgtb line pipe 

(esreeeding X 100; wiiicr; reolves these problems hmtmn earnestly desired. 

DISCLOSURE OF THE INVENTION 

order to saSsiy t -o - K described above, the firs; 0 ; ^ t <. „ invention is to provide a steel far 
■s ling pipe which has ar- excellent balance e; a strength and e low temperature toughness, can be easily welded on 
tie-id. an i.' - m , i i , t In i h pi at 1 i ' seeding 0 h 

the API standard). 

t i aste< h iin.;- pipe which is a tan g 

Mn {at ieaot l -a - y i i « n i 

co-mprrses e -soft.tisfd nixed struciurs of fine remite (having a mean grain size of no; greater than- 5 i;n; and eomsining 
a predetermined amount of worked fearite) and martsnsiterbaliiiie. 

The present invention specifies a P value (haiec abi ,\ s i , n vtma * 

which expresses the han-isnabiiity index for s- di si-en r v - - •-- oipe steefs and reor esenis a '<alue indicating higher trans- 
bsftytearT urnuiew l ' 1 i e h>~ en bv ihs tp Hewing 

gefisratiorinpta: 

P = 2.7C + 0.4Si + + a8Cr * 0.45?sli + Cu) + {1 + p}Mo + V - 1 + p 
Tha p value is lero when B < 3 ppre and is 1 when S > S ppm. 

runner, rhe Ssrrris mean cram sore is defsied as s mean grain boundary disiance oi the ferrrie when -easured m 
;he airepta;: c j tee material 

In p t-^or r e"oi»orf«" shtqr i a o« carfson fiiofh Wn type steai corrtaih- 

ot Mo-Nb s c waiteiy added thereto, t d a tow cartoon high M t> * ling N " f 

No-trace Ti cpnnpositely added ftereso. and (21 tns micro-Sfactare of which conrrises a two-phase nrixed s*ucU>-e of 

! r- ; ft ? r i t n <i " n ^ < k <t v 

i i - - s t ^ ^ -i finsac ' r 

rote, but * uppei limit of t\ ienciie sPenn;t; ;S ?so Mr ! a a; the highest in this hap:; <.>.-- t system, a "i wn 
line pipe steal having a hard&ofi wixed tine structure comprising a tins terms containing worked terriie and martpn- 
site^amiw doas not a; ail exis/i. Fpi; i; has been believed n no* t a tensile s-roi-sgtli bighar than 360 M?a could 
never be attained by tbe ierrife and mar;ensse/ba;n;t« ivard/spfi m ; xed atructure of the Mb-lvic steal, and thai low sens- 
i - - ^ aid; bj wouid not bs 3k 
HowevPi, me inventors ot the present invention have dispcveied tea; even in bJb-fv-o steel, an uiine-h^r, strength 
and excellent low temperature toughness can be accomplished by stnetiy conhpliing the chemical comppnerris and the 
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a - w, i.i teetures of she present i .<- n resicto in i !■ * i ■< ■< c strength and the 
exceiien; icw tgrrtperatwe tc-jghnsss r.an oe ebteirwd even v«ifwt a tei^perins treatment and ;g) thai me ysekS ratio is 
lower than thai of me hardenedftemperec! steels, and pipe wSdatoWy and icw tefnpe»atore toughness are hy fetr we 
axcefeit. {Sn 8>e siesi according to the present invention, w when the- yseid strength is lew in the farm oi a slssi plats, 
t f h r ( to s.rsngth can Ss obtained). 

The present inventors, hare conduced torsive stadses or: the chiamtoai cm r.cosiaons of steei rnsteriats end their 
micro-structures to ceSairs the uSm-Ngn strength steels exceiieto in low wmperaitae toughness end field weSdabiSty and 

it i iOM 3 » a i n .w t ec a hi gh s- r e n g pes sv i n g a few y i 

end v cl - in lew - ^ ut- toughness > the tollow : ;to technics! gist. 



not gteater than 0.6%-£0, 
1.7 to 2.5%, 

not greater than 0.015%. 
not greater than C 00>%. 



0.01 to 0.10%, 

0.005 to 0.030%, 

not greater than 0.05%. 



having s ? value defined by the following general formula within the rartge of 1 .9 to 4,0; anc! 
raving s rrtcro-Structure comprisinc; martensita. bainite and ferrite, wherein the far rile frsction is from 20 to 
50%, the ferrite contains SO to 1 00% of worked ferrite, and the ferrite mean grain size is not greater than S pm; 

P » 2.7C + 0.4Si + Mn * C.8C- + 0 45{Ni + Cu) + (1 + fi)Mo + V • 1 + f>. 

with the proviso that jt takes a value 0 when 8 < 3 pom. and a value 1 when B a 3 pom. 
: .2} a high strength line pipe steel having a Sow yield ratio and excellent in low temperature toughness according to 
the item (i), which further contains: 

8: 00003 to 0.0020%. 



Ca. 0.00 i so 0.006%, 

REM: 0.001 to 0 02%, and 

Mg: 0 001 to 0.006%. 

54} A high strength line pipe steel having a low yield ratio and sxceileni in Sow temperature toughness, oontairtna, 
m up,,* 0 f a percent by weight- 

C: 0.05 to C 10%. 

Si: not greater than 0.6%, 

Mn: 1.7 to 2.2%, 

P. not greater than 0.015%, 

S: no; greater than 0.003%. 

Ni: 0.} to 1.0%, 

Mo: 0.15 to 0.50%. 

f*f: 0.01 toO. 30%, 



Aft not greaSst than 0.06%, 
8. 0.0003 » 0.0080%, 

N: 0.0Q1 TO 0.006%. and 

the balance of Fe and unavoiciaae itrpiirfiies: 

having a p value defined by the foxing general termite within the range of 2.5 to 4.0; and 
h=vng a i 9« "8 tensile, bainite and fefrile, wherein a fenits {taction is from ?0 to 

90%. the fertile contains 50 to 100% of worKeO ferrite. and a Senile mean grain size is net greater than 5 fan: 

P value = 27C + C.4S1 + Mn * 0.46Ni ♦ 2Mo. 



O.OStoO.10%, 



lance of Fe and' unavoidable i«ipuriti>3s; 

tefir^ed by the foiicwinc general fcsmuia wilHn the range ofa.S ami 
■licturs comprising ffiarttcrtsits. bainiie snrt terri'e, wherein a fe-rife fraction is 2C ;c 90%, 
r , ,r , endafe mes nsa 

js = 27C* 0.AS + Mn* 0.8Cf + 0.45(Mf + Gu) + Mc + V ~ 1 , 



Or: 0.1 to 3.6%. and 
V: 0:01 to 0.10%, 

I i Strang! e f ips steel having a low yield ratio and el e ft temperature toughn irvjto 
8» Items (4) through {?}, which further contains: 

Ca: 0.005 to 0,008%, 
REM: 0.001 to 0.02%. and 
tig: 0:601 to 0.0061. 

BEST MODE FOP C I LH '-E.M/ENTION 



h - -i'.> fi is. pfesen; invention ' &e Seswibetf " cte«e>i 

First of 5 : i. the micro-sy ucture of the sisei of S-a present riven-Jon wtit he expiairted 
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! a pteimrrmw <■ t marterrsRe-tsaioite and to this m. the * = t 1 -u be SO to 90% {or the mar- 
tensiie/hsilni-e fraction must be 10 So S0%}. When rhe territe Sreoiiou is greaser tfssn SC%, the mawsstets&iite ftacHon 
becomes so smsli that the intended strength cannot t» achieved. (The reoife fraction cieperrts aiso pn the C corned, 
and It is notably difficult to attain a forme frasSo* of at least 30% when the C content exceeds 0.05%). 

in tne steel acsonSrg to the piesent invention. She most desirable ferrite fraction is 30 to 80% from the viewports 
t h and me low ten 1 h w«ve 11 tThens en when the fer 

"Ci 3 30 to S0%. the intended st ench (particularly; the yield strength- and the few temperature toughness cannot 
be acecrr»iisr > v ^ -r p opor ton of to*> worked ferrita is set to 

SC to lb0%. WerKing ;roiii"g; oi the f-rr-'ia Intc-roves if-- yield strength by disivxatiori strengthening and suo-gran 
strengthening, and at the same sm e , j; is etfremeiy effective for improving, the Gharpy trsmsstior. temroarsSnre as will he 
iaser described. 

Even limiting toe micro-structure ss described ab e is not ft < o 

tyre toughness. TP attain «<is object, it is necessary to utilize separation by introducing the worked isrrite, end to fine 
ihefnaari gtairisizsotfcefsfRtetoriotQrestafttiaoo jto Rhassssn darrtisb tost in high strength sieei.too. 

!» cuu ti r 1t 1 > n >k l*-Tte 'texture), 

- 1 < t. a E al t or se 3 ^ 1 r< - 

j sot the Oh aim test. etc.. and is belie*** 

cracks snd to improve brSiss crack propagation step chai-sdensfe 

it has aiso been found toat *hen rr- 1- t r < . 
structure ofoer the the far ssimulta usiyf ed, and aremar 
She increase ot the yield str angih can be obtained. 

As described above, the present invention Pas succeeded in the drastic impwuemertt of the ba-anee of the sftength 
and the !<M' te)?Tp«aitire toiighness ot the tiafdfeon noted ik t -t e * r^ 

Nb-Mo steal, 1he lew temperature toughness of which had ijcert 5 ii> '1 r past 

However v< '1 he steed is s controlled as descrtosd above, the s 1 1 1 

She intended etisiacteristlcs cannot be obtained Id aeoorrioiish this object, me ehsmjcai eo-mge-srhons most be limited 
simultaneously with the iwcro-sfructtM. 

Heremafto. ith< ns to i- , - rtiorts will be K/plaired 

The C content ss ra ed 0 0.05 *s 0 Carbor is si e.« en - e t f > ^ , „ y 

steel in order to obtain the irrferKiad strength ;n me territe and marterssSa'bs . \ u s 

0 0S% oi C is necessary This is ai$o the m r necessary aeworri fe seairioa ehe effect of orecipdation I s - n i 

- . , 1 en * 1 i 

is too nigh how* 1 * 0! both !he base meta) and the HA? and fieki wetdabStty' are 

rema'Kabydit- 0 ire, 1 i-k*»0'0% 

Siiicof' c is added tor deoxidstion and fer improving the strengtf: it its content is toe hi^, bo-sevar : the H 
toughness and field waidadliity are remsrkeKy deteriorated Tt'er store, is oppe> limit is set to 0 5%. Deoxidate of the 
sisei can be t 1. "1 , s- t 0 us o by TI or At 1 , and Si need not always he added. 

Manganese {Mn) is en ssserSial alement tor cower i the mic tructw ' oft t s«nt Iwerrtion to 
"V r r a -c c- i t < ^^ceisnt balance PeNveen strength and low 

n toughness, ata "i\ high, how bilily of the 

increases, so that not only the HAZ toughness and field wettability are ceterioraied out center segregation of the con- 
tnuwscas* steel slab ^aromoted and ^ «. 1 » Sjse meiai ate deteriorated ^erefers, 

its upper iimis fs set to 2.5%. The preferred Mn content is from 1 3 to 2.1%. 

The opted of addition oi t tNi) is to improve 1 sirenosh of 1 1 iow jattion steei c? the present invention without 
deteriorating toe low tewperatore toughness and * I weldabiiey; In -op r witft the addition of Mn. Or J Mo, the 
> hoUt store ought » r <nt, rot k« structure 

iparticuiariy in oe"ter 7-01 band of the slab), aop v addition of trace Hi :S found < o-f > 1 for improving the 
HA2 roughness, too Prom fhe aspect of the HAZ toughness. 5 psrticuis.riy aftactive esiwunt or addition of N'i ss greater 

a Pi -r n > amrr 1 A^ uj ^ rs v 

biiify ere deteriorated. Therefer«. the tipper iioij: is saf to t .0% The atidiiicn of Ni is aiso effective tor preventing Co 
cracks a; ike time of hot raiting and continuous casting. In this case, U most be added in an amount of at ieasi i/3 of 

1 o\ v ta hi it e-te f n i hata/sonn 

etruciure. When cc-presen; wito Mb, rvic strongiy suppresses toe <=■ i r on austemffe duung confioiied roiiin<; 

i.-torepSoes - struetur*. Toot ft I ' - aodea However the addition 

of Mo in an excessive amount deteriorates the HAZ toughness and fluid wefdsPiiity. and do upper limit is set So 0.6%. 

hur'tber. tiie steel acccraifiO to toe present inverition contains 0 0 • to 0. 10% oi r*i and 0.0CS to 0.030% of Ti as the 
essential -dements. 
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When cc-present witn Mo. niobium if*) sappresset, iwy&mmm of austeoSe during wmeoaed roiling arto 
refsnes the crystal grains. » also makes great o to the t «t in , t 1 1 hsrceritog ) hatdens- 

biiiiy . a?*i improves (he wghness oi the steel When the siwife! amount of No is too great, bow9ve», ri exerts adverse 
iif iuences on ihe HAZ toughness and ode vveidapiliiy. Therefore, its upper iiroit is set io 0. i 0%. 

r ' t t t i ' „ < 

af ma time of sab re-heating aod ol she HAZ oi wekSng. ratines the mfcre-stostere. and imorovss the low temperature 
j i sit ->r"iph no* greater than 0.005%), Ti 

forms an wide, iuntticrio as ar: wra-grain ferrite t- t v ■ nucleus and retinas a HA2 structure. To obtain such 
effects of toe Ti „ > - r fl ; |g- 0.005% of T r , he scored. When tiro Ti Hi is tor; - r !' n of 

TiN and pn?c - c j sue to TC occur and the tow xwptstisi -d Iterators, its 

e t limit is se o0.03% 

\ium>num (Ayi; - • . sdeo:ed t agent in ffeot c-t rs nine, the structure. 

However, if the .V oontato exceeds 0 06%. a-wmiria type non-metallic indusor* increase ami lower the cleanness of 
Therefore, (he i into, s set to 0.:> D Son can b< plished by Ti or Si. and A < ( 

Mltl'lll I 1 1 i M <> 

grains oi the HAZ. and improves the lew temperature toughness of both the base metal and toe HAZ. The minimum 
t , amount ir - ' t ^> is C 001%. When ^ \ content is too high. <• ■» \! m I result i surface aaiects 
ot toe siap and in deterioration of the HAS toughness cfce to toe sofoJ soiutton N . Tharatere, ; i£ upper lirstf musJ be lim- 
bed to 0,066%. 

Further, She present invention limits too P aito $. cootarSs as impurities elements to ;iot greater than 0.015% and 
not grater tost, c oc s= ■ . ■ ;f ■- - The main object of the addition of these elements is to further improve the tow 
temperature toughness of both toe base met?.! arte' the HAZ. Toe reduction of the ? content iowsrs center segregation 
of the continue s ■ < c t i n anc '-I e toughnes His 

ledjcfon ot toe s it « , s to reduce? c tfedmec 3 ro;!:rg anotonifftve 

the ductility anei toe tooghnes;. 

PurtheriTtors, at least cab of ihe following elements efs >. < laed, whenever necessary: 

B: O.G003 to 0.0020%. 



set of toe addtfioo of B, Cu, Cr, V, Ga. Mg and Y w3l be explained. 

grains. f : urlhe esuiots I . f sin , e -f> - ~ 

a HAZ toughness n w-W nn vetxx;-, •> a i -» ns SAW esed tor se rr- 
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weldabis steel pipes. If the amount of acJcSHiw of 
exceeds 0.0020%, 8 compaunds w 
TW r I - I ' ,r C 0020% 

Copper (Cuj drasi]o;;i:y improves the strertgpt m fre ferrfte and !t»rtens8«bai:»te hvo-pirasa mixed stroctare by 
hardening and precipitation atisngioeorng toe t t v r i phase, it is also effective for improving the corrosion 
resistance and hydrogen induced crack resistance. If the Cu ccfitent is less Shan 0.1%, these effects cannot be 
obtained Therefore, t iovjor ► is set to 0.1%. vVlien arteied in an excessive amount, Co te-acts to induced toughness 
Ot cot I i ihe oaoe metal and tf re MA2 duo to pteorpitatron hatda-ine. arxj Cu crscte ooor^r coting trot wiring, too. Ther e- 
fore, its upper i imit is set to i .2%. 

Cttfomium (Cr) increases the strength of the way porson. if S^e ssnourf: e! addition is too htgh. tiowsvar. the HA7 
toi.rghnass «e ; i as tiaid weida&iiity are rematteoty detencratac" Therefcro, the upper iimti ot tfre Or oorrieof rs 0.3%. 
if toe arrroont cr adosion s iese tftan 0.1%. these effects cannot t;.-, obtained, "therefore, the lower fimi} is set to 0.1%. 

Vanadium (V) nas suSstanffally tne seme effect as 'it. but its effect fe wester chart hist oi >•&. Howevw. IHs effect 
in a-high str star <i toe composts aPcicoc: oi fft> atict V on let 

Seaturea of the present invention all tire move rernaritacie. V undergoes Ktairvirictoced iJteoipitalion during working (hot 
roiling) of terhte, and r ematteoiv orrsoetoerts famite it the amoum of addrtion is less than 0.01%, sucti a n effect cannot 
be ooiainect. Ttrerefere. ihe lower limit s set io 0.01%. Tfre j- ot. on ct up to 0 10% is per mrssfci a ' n the aspects 
of S fAZt h s .end field welrfahiiity, sr>d - - i > a range is 0,00 to 0CS% 

Fuithefniof r cmpt ento 



Ca. 0.001 toQ.OOe%,.SPd 
REM: 0.001 to 0 02%, 



or a! least one oi the following cnnponents, 



maybe added wfc« /ernece - . 

Next, the -rv on whyCtU 1 r sddec" e explained 

Cs and REM control toe formation of a asfide (MnS) and irrprove 3ie Sow ?errtpe> 
absonJSQfl energy in a Chaw i8s! ' «te{. H » i 3 feet can be obtained if the Ca or REfv? eontem fe not 
n t to 00t% to- P.' r>en --ad 
yftEM-Ca - t > 3 1 

nsss 0: the steel but adverse! y affect ilex; ^velaafciiriy, Therefore, the upper limit oi the addition amount ot Cs or REM is 
set to 0.006% or 0 03%. respectively. Furftumore, m ultra- nigh strength *» oioes. it is pafficuSarfy «fiec8v« to reduce 
It* S and 0 ccrrtsnfs to 0.001% and 0002%. respectively, artd to set 

f 1 L * a' _ C s 3 0 The term "ESSF is the abbreviation of 'Effective Sulfide State 

Control Parameter" 

roiled .and re-heated, a;id rt to - s j e - t I- ' if- > suppress C. < -rr-, 1 0; toe w 
heat attested sot* and improve the low temperature teughne f 2 »il j rosnwlllei 
effect cannot be obtained, and if their amount of addition i tec ch.ontheotr s J hey become coarse oxides and 
deteriorate the iow temperature toughness. Therefore, the amounts of idditiisrs are set 10 Mg; Q.001 to 0 CiJS% and V. 
G f"i 0 r 3 > 1- M r i t <G * ' f - (if o " 5 

aspects of fine dispersion and the yield. 

Besi-des me limitation of the todividosj addition elements described above, the present invention preferably limits 

P * 2 JC + 0.4St * Mo * O.SCr + 0.45(f« + Cu) + (1 * S)Mo + V • 1 

10 i .3 •> 0 .? 4 0 when the steel coms-tos the Mo support, to O.d s ? s 4 0 when B is further added, and to if. 5 s ? .0 3.6 
p Co is ft t scfoed fo the ~ This is to accomplish ihe intended balance between the strength and tr* lew to 
,11 ' 1 r ry Tns tower limit or" tt 

to 1.9 so as so obtain a strength o? si tsast 950 MPa sod an sxc«8sm tow temperature toughness. m» upper iifiiif of 9tt- 

' v'c Tt type sfeei. a Ni-Mo-Nb-trace Ti-trace 3 type steei and s NS< 
.uMoNntrar "1 h jated to the low tenrpeistore jrone a:etJ - 1e to. jnudi: 

trie austenite/Jerrite two phase jona, and are cooled witn ai r cr are rapidly cooted to obtain a fine worked ferrite plus 
mgfiwsits*air>fee mixed structure, thereby simulraneousi;' achieving ultra-high sire«sth and asceiieht tow famperatpre 
toughness and field wettability and softening the weld portion by ;hh vwtked ts^te pj«s fipti-tsr^ita'dainite mixed sftus- 
^ f-n w 0= n been s.ned 

In tne present irwentiori, the siah is first reheated to a tewpe-tstos wtthin the range of m to t ,30C"C and is then 
hot rotted so that ilie cutrn^tiv* rolling reduction ratio is sf ieast <m si a temperature net higher than 9S0-C, tie come- 
iative roiling reduction ratio <s 10 to 70%, preferably 15 to 60%, in the teirite-austehite two-phase- trope of an Ar 3 point 
to an Ar ; point atx; a hot roiling hnish tenperalure is ppp to SOO'C Tt;ereafier, iite trot relied oiaia is cooied wiiit air, or 



ler'se-nsaitensite » occur The tenperatore of 1,3CC"C is 'he :ppe- limit temperats ; rs- at woich the aus-ia-nte grains at 

do not solve 'iu'frioer-tiy, and a t- 1 t <-«i material canrn* be obtained. a 1 tor'a ionc iime is 

sarysoasto a t io- v r — K f oy 

sWy. Therefore, the to mitpf tins > g iemperstsre t 

The rs-neated slab must be rotted sn^sa the u j a r 3 rperafure not 

330*C is at least 50%. fits cumulative 'eduction quantity i toe <■ 1 tt two-pitass 1 st the Ar, to " k« 

fsfcty to nd the hoi ro?inc finish tenperato 3 » - 1 

five tiro reduction p 1 t v peiisw 950 -G is limits to si : east s;>% is " 1 es roliing in the austenlre un-recrystalii- 
saiion sons, to refine the aostenite strototire before transtorrnaSon and to convert the siroptui e after ua.nsipunaticn to 
^fe^te^nartensitetoaWte mixed structure. The ultra-high strength 1 r 1 ngth of a* feast 9S0 

MPs recoirep a nigher toughness mn ever trorr- the aspect of oateiy. Thersfore. t cuwuaws rsdociion quafitity must 
be at least o0% {The cumulative roiling 'PGPOtipo yuansfy is preferably as high as > b. aiP has no upper 

in ice presem mvermon, iutther ihe cuiupiatrve roiling reduction auantity of the tornte-auster-ite two-phase scne 
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nwHhiek) or by s converter eonsinuous-ca$«n« rwthcd (aw mm***.) 7mz sisfcs wer« not rc*stf to stes* plates hav- 
ing a thicfcnsss oi 1 6 to Z4 mm :.«ier various corafefonr.. and vsrtoi* mectesSca! properties and nticro-strisctures were 
»xs>t*!«f (yisirt stfeoglh: VS. tetssSe slrsngBv. T8, sbscrptiors energy at -4G"C in C;isrpy test: vE*40, 50% fracture tan- 
srtign temperature'. vTtsj in « airectiwi at rigm arsgies to the rolling Action. A separation index S, on the C-hsrpy frsc- 
r 3? rr " (trie value eb i >d by dvidirig the total ^ i or w or; the fracture by ' r- avae. 10 m 

of the ftactore; th« greater this value, me mere excaftt-m trie crack prcpagatiort stop etomelartsict} was measured as 
trie era* propagation slopping characterises. The HA7 toughness (atEorption snsi^jr st -2 D' ; G in the Qistpy last: vs. 
as) was evaTaaied by toe emulated HAS spacime^s inwxwum hestinc temperature: } ,WC. cooling time from 800 to 

G lee ; ( t i il; :stKi fcy toe I'JftNSSl s r 

irtg lew tempersttfe cracking of the HAZ in ere Y-s!;t weid era* test (JIS 03'S8) (weMifsg method gas metal ere weld- 
ing, ws^ftio ' < t 1 j L 1 iQQqmetol). 

Tabfes 3 and 4 tabulate the senses and the measurement resuiis oi sac; bars r-eristi-c. 

" - _ pistes - , i v ' melhot presem w#«on - < baterio 

ft nperature toughness if t «. > i stress, since 

the chemical compositions or the micro-structures were not suirabie in the comparative steels, any est their characteris- 
tics were remarkaSXy inferior. 
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Example 3 

3!abs nsv^j various p ? c t p i v pwiucjc by melting on 5 isiwrstcsy scaie ; r 50 kg and 
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terms of percent t>y weighs. 

G. C.05;oC.10%, 

Si: not greater than 0.6%, 

Mn: 1.7 to 2.9%, 

P nc;g-*;<er;ha:i 0 0 ;*>:.,. 

S: net greater than 0 003%. 

Ni: 0.1 to 1.0%. 

Mo: 0.15 to 060%, 

Kb: 0.01 to 0.10%. 

Ti: 0.005 to 0.030%, 

A* note/eater than 0.06%, 

N: 0.00tto0 00S%.a!Kt 

the balance of Fe and unavoidable impurities; 

having a P vafue. defined by the blowing general formula, within the range of 1.8 to 4.0; and 
having a n;if,:o-st:»:i-!ijr« cornpnSir*; ^■te.n^s. twines and fen ie. wr-esei" s rente tedon is ^rorr. 2G -r; 
vO%. ta f.; fsfr.: e ccssw SO So 100% of worked ferrite, and a ferrite megr- gram *ee s not greasc-f than 5 am; 

P = 8 7C + 0.4S * Mn + 0.8O + 0.4S(Ni + Cu) * (1 ♦ »)Mo + V - 1 + p. 

writi the proviso that p takes a value 0 when 



0.0003 to 0.0020%. 
0.1 to 1.2%, 
O.i to 0.8%. and 
0.01 too 10%. 



Cb: 0.001 to 0.006%. 
REM. 0.001 to 0.02%. and 
Mg: 0.001 to 0.006%. 



0.05 to 0. 10%. 

not greater than 0.6%. 

1.7 to 2.2%. 

:>;.'-: y:eate: :.nari 0 0tS%, 
no; g."-ator tiv.n 0 0-5;V%. 
0.1 to 1.0%. 
0.15 to 050%. 
0.01 to 0.15%. 
0.005 to G.030%, 
not greater ths.n 0.06%, 
0 00-53 to 0.0020%. 
0.00 1 0.006%, and 

Bis balance of Fe and unavoidable impurities-. 



17 



warn m m 



Slaving a P value, deitoed by the tetotfing -general formula, wiiftjn the range of 2.5 to 4,0; arsci 
raving a rraoo-ssruciure coupons mwfensK*, bainite ansi ferrite, wherein a farrite fcaowm is 20 to 90%. 
sa«S twrtte ccntoi? K S3 to 100% oi worked ier-iis. and a fesrite mean gran sfee is no! greats loan 5 urn; 

? value «87C + 0,4Si + Mn +'0.4*8 + 2fcfe, 

A nigh strength > pips sfesi havmo a low yield raiso arc excellent in * p- t t i accoriSng to 
claim 4, which further contains: 

V: 0.01 toQ.10%. 
On o.i to0.es, and 

A high strength litis sip* steal having a Sow yield ratio and wester* in tew temperature toughness, containing, in 
tarns of percent by weight; 

C. 0.05 400.10%, 

Si. not greater than 0.6%. 

m: 1.7 So 2.5%, 

P. not greater than 0:015%, 

S: not greater than 0.003%, 

Ni: 0:1 to 1.0%, 

fvfo; 0:35 to 0.50%, 

Mb; 0.01 to 0.10%, 

Tt-. o;oos to 0,030%, 

Ai; not greater than 8. 06%. 

Cut 0:3 to 1. 2%, 

N: Q.0«to 0.005%, and 

the balance o? Fa and urravoicSabie irapurities: 

having, a P vaiue i i 

having ^ tr- c 3 ier j-<kxhs£0 to 30%, 

said ferrrte contains 50 to 100% of worked fertile, and a territe mean grain siae is not greater than 5 (jm; 

P vslua » 2. 7C ♦ 0.4S + Mr) + C.8Gr + 0.45(Ni + Co) + Mo + V • 1 . 

A high sirer oth lint i ^ a <m y*W ratio and es^eSe it m to* w 

claim s. which further eomains; 



A high strength line pipe stss! tiding a few yseScf ratio and excellent in tow terrperatute toughness scanning to 
claims 4 through 7. which further contains: 

Ga: 0.001 to 0,006% 
REM': 0001 to 0.02%, and 

m 0.001 » o.we%. 
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A. OASSH iCATlON OF SUBJECT MATTES 

Int. CI* 022C33/14, C22C38/32, C22C38/S8 
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Eieanwtc *.!> b»c OT »td»l ^-ioc ■!<* isacmMisat! aaxi (km af ton lass .«), «!wt p«sx»btt, k»k* irres ss«l) 


C DOCX'MEKIS CGNSlBEKI-tJ TO BE .H3-LEVANT 




Ci&SiX! of iSooKKM, wis ia&iatios, wiiew sopfopfsste, of tte relevso! jSKsgM 




A 


Jf, 5-195057, A , "~"p.J , 
Jvagust 3, 1933 (03. OS. 93) (Family: no»«( 

J?, 2-217417, A (Kawasaki Steel Corp.), 
August 30, 1990 (30. 08. 90! (Family: aonet 

■3*, 2-125843, A (Kawasafci Steel Corp.) , 
May H, 1990 (14. 05. 90) (Family : none) 

J?, 63-113012, A (Sumitomo Metal Industries, 

May 23, 1988 (23, 05, 38! (Family: none) 

JP, 59-63722, A (Kawasaki Steel Corp.), 
May 15, 1984 (15. 05. 84) (Family* none) 


1 - 8 
1 - 8 
1 - 8 

1-8 


S«<C. Pj S«i»^>tists.>s!>w:x. 


- A Jft*,, 4, so»«i tt» ritbe W Midi s «* aiosios^ 
» * « «Se«a«! 






t«tt of UK sciusl OOTp'clioji of :te intonations! oosrcfc 
Martin 29, 1996 (29. 03. 96) 


Dtw of soiling of tisc iBtenmwsei «*«o «pw< 
April S, 1996 {09. 04. 96) 


Japanese p&ter.t Office 


AwiioriSBi offieor 
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